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(54) METHOD FOR DEPOSITING TUNGSTEN FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
depositing a tungsten film by which the formation of 
voids and volcanos in sizes large enough to produce 
adverse effects on characteristics can be suppressed 
even if the diameter of a buried hole is small and burying 
characteristics can be improved. 

SOLUTION: When depositing the tungsten film on the 
surface of a wafer W in a treatment vessel 22 capable of 
evacuation, an initial tungsten film 76 is deposited by 
alternately carrying out a repetition of a reducing-gas- 
feeding step 70 for feeding reducing gas and a tungsten- 
gas-feeding step 72 for feeding tungsten-containing gas 
while interposing, between both steps, a purging step 74 
for performing evacuation while feeding inert gas. By this 
method, the initial tungsten film as a nucleation layer 
having high film-thickness uniformity can be deposited. 
Accordingly, when the main tungsten film is deposited 
after that, the formation of the voids and volcanos in 
sizes large enough to produce adverse effects on 

characteristics can be suppressed even if, e.g. the diameter of the buried hole is small. 
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HR) «r»«UTV>*. f^*>. S i H 4 ifxamkk. 

mLXm<r)&HzJ*-i?JLU7 4 Sr^-ttJ-ti-SiiilcJ: 

7 0tHTLTV^&. Cl^i, 02 (B) -02 
(D) C*JV^TtratT*S. iOidKLT, 
y^x-f ^]B7 6$r^figLJt^:fe{f. Jjcti. Sjctfxfc 
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WC. ^&jtTC^^«^Xg7 0*^<J:£0S7C^«J& 
Xg7 04T'<9$fg£l-tM?/t'i:-f.&£:. 02 (A) 
CDi§^-«i3HM 7H4toT^S*<. ;W-f^HtU 

«asT i , Mfi&*yyATy*fz.mteT.m7 2<r>tm 

T2tt**l-Wll— 3 0f^C, »^L<J±3-1 
£>0. ttz. i^X«7 4<»5»fflHT3M:0~3 0ffr 
T. #£L<J40~1 OUrC&Z. £tz. JJB/*-5*r 

< 14. «7by^tt»lS7 0 b 9 vnry^ffitel 
S7 2 t JT-SSjomi 4 £fflLT®7C#Xi:?>'7'*7 1 
t ^Vgtttfxco^ff (Total Pres 
sure) j&«-5g|C*r* J: o &m*h . *tW&£* 

WE#X«0£E<0*l«i. «iffl«*2 2tIR0ft 
»tfe*ifc«aH-fc:J:->T«Bi»»2 2rt<0E&£WJ£ 
U *WBE**«-ffit«r* J: ^ KPSuiK 5 0 idX Oft 
(tf>ft7tffi^ilSfi5#$-|)3S-rsc:ttcJ;»3fi :: 5rd. 
T. ^•-^'XS7 4<7)^ratcoV^TffPfiBS:fi : -oitc7)T. 

*<^ts*fcov^sp»*-*. 03 {4. M&np^cfctT 

0.03 (A) li^T7-^-yH*2 4rttttiflR2 7 
£K(t-0**&££jKU 03 (B) Iii/t7^7h' 

»2 4rtcjaawR*s«tTv^i,ta^*s%r. 0*. m 
s. ££-c<4. s i h 4 emkfrikvmsk. mp < o~ 

3^) ^n-y^lfo^^^iAlfllgS i H 4 60 

-n* K«*Hc4MBW*Wtfc* (03 (A) ) 
tcffiV^Et^rO. 03 (A) tojrfi§-£tc<4. «i. 
5^K0VC— yiSSrfrdikTSi H, <0#S£1 
x 1 0-' PagaWTffiTStiikm, 0 

3(b) tz7^t^im3fmm<o^-^xm^ndz 

bX'S i H 4 OftEE* lXlO-'P a.n£.t?{&TZit 

hzt tfvz tmmth . eso-c. 
tiiiw&iia^ikjj^rttk**. 02 1 

lot. d^tWSiH, *'xwf 6 #xa9Kft(ift 

rn-te^?flJKtCT^.(42 0 0-5 0 0X;T. ffJKIi 
2 5 0-4 5 0-Ct. fitfXc^-fi.. ifc. *DW^>- 
^■r>-K<01^^;KOK^«l~5 0AT. $F4 L 
<li3-2 0AA<JBj£$;h.S. ±^^/^fyi 
»jRXS8 0<0B*IW4»jfi"r^*«IW:W«-*. 



[0022] ZtllzX 0 . «>x^WC0«ffitc(4. ftjg ? 

Uttizbtz*:*. zvntimvyrxT-ym 6(4. 0 
14(c) +w«ft»tJB 1 4 1 LTtMW* hcnx-b 
0. iot. z<n±.tzZ.fiy?X7-ytgl7 8£ffitf>&* 
*b^A«F*^TItl«8-fr*i4:*«rttk«r4. 
02 (B) {C^^ftttfflWtt. ±1202 (A) fc* 

^F*KO^UJ«03l7C*'XfifciteXS7 0A^i3V%T. 3f7C# 
(To r r ) (sec) fcO«4 0 

fi!J?>il7E#X«i£Xg7 0*>JJEM 
9*-* (Torr • sec) i>)t,^<^I.J:3{: 

K£L-cv^&. ;:tii. wtosiH, xr^<oaa»9E 

i^rV^TS*J<OJi7uy^flfc*&XS7 0 AOg!iaT4 £A 
<. WiHf 1 — 1 2 0# , T'*?4L<(43 0~-9 0#fi : 5 
ZbizX-yX'*?*—? (To r r ■ s e c ) MttZ 
< I/O**. 

[0023] Z<7)£ o £. S15JC0S i H, tfX0XMt£L 
n<OX.t:mt&g:<ftoZbtzir,X. 5fcK014 

( b ) i^mLxmm Ltix o tz . »>x7nw<o«b»=« 
lxj yymtffthixh^b izKox. ~ 

cO^Btc SiHxt* *Rie+IB*3W3|M-* i i: tz* 

y 7Arym 7 6 ^-«Ml?C0l%-tt^ < Jgfig-f & ^ t 
jE^fgfc^S. 02 (C) *=5rr^«*6JBWT 

(4. ±IB02 (B) lZ7rrtm&m.m<7)*X\ S.fyfX 
-t ymBf£.xm8 0 coiSKitc. y-c -y 3 y?y? 
Afyi8 2 (05#gg) frMT^v^-^B^ 
^V/XfV«lS84?:ff'9tV^. ^60vt-yx 
<-^ 3 >'^>'^xVK^B£XS8 4'CI4. 
Xx^H^^XSSOtPlt^XS. -r&*>*>WF 6 ^ 

**'X6085fiJtSr . ±^ y/Xf yHg«I88 0 

y^^ytSm^JM84^mmT5ii. CTt{4*3-9 
om»4L<ttlO-60»t*4. 4Jtv 02 
(D) fc^#X{ftteJE3re{4. JJS02 (A) (c^rT 

m&mm<r>*x\ ±9 yyxr-ymmmjMQ ocoaitr 

X^8 4SrfloTV^. 

[0 0 24] C1<7)4^{C. dCO^y^-v-gy^y;?' 

6 <?)F<oS£ii^«];*THg/\o^-^Sr«iiIL. J: 0 
T. 02 (C> <0^«»ffl«K:*JJt4, *,Ta*xSt 

mz^xmmtz . atwawe^fiBftxe? o ac 
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*Jlt&#Xifc. SiH 4 AtU7#X=90sccra 
/8550sccmt*D. 7D-fe^|±8 0Tor 
r ( 1 0640Pa) . Ta-kX^T 4l,i6 0&X'fo 

LT2 0 0— 5 0 O'CTUja: L<(42 5 0-4 5 0'CT 

(DffiW^X—f (To r r ■ sec) fcHLT. X)V 
^—;<?&3L*®&tht&>\ l Z 1 0 — 3 0 0 (Torr 
•sec), $f£L<(43 0 — 200 (Tor r • s e 
c ) T£>&. 

[ 0 0 2 5 J m8?>7Xr-yBf8.T.mzii^T. 312 

®im<r)m7ttfxmteJM7 o #*jt. s i h 

4 At!J7^=90sccm/3900sccm, 

WOT lli 5 To-fc;*JE;rjf47. 5Torr 
(9 98Pa) „ TD-fe.XiajKli2 0 0~~5 0 0*CT\ 
U<f±2 5 0— 4 5 0-CT*)^.. 

.X-?KWLT. M¥£f&*n£^^tt*^0. 1- 
10(Torr-sec)t>jffiL<iiO. 2—5 
(To r r ■ s e c ) T3bl>. JV/X^ViiX 

m&TMl 2\,Z&tfhfiX)k. WF 6 /4+'J7^ = 

3 0s c cm/3 90 0 seem, WffiT 2\±5 : ®>X'fo 
0. ra-feXffi^J«7. 5Torr (998Pa) . 7* 
o-teXiag(42 0 0 — 5 0 0*Ct\ L<(42 5 0— 

4 5 o-CTS)!.. z\<rm<r>±M&u X—9 (WF 6 #X 

»f*fc*fcl!W**«S***&Btt*»S> 0.01- 
0. 6 (Torr-sec)T*. jf^KliO. 0 4 — 
0 . 5 (To r r ■ s e c ) T'£>&. 

[0026] zzx\ mtrtxmzTMi orx/? 

6{iB§2 8 0 , C(ClDttl.>'7>^^'9^-^ (Torr 

• sec) ti+M-ri^wizmtf&tihmmkcDm 
&*7Fi-7yyx-b*). t^x-fWO. 2m±-C(4JBI 
B\mmaLX^h<n\zttl.X . O. 2«fc9fc/h$v*i: 
Jgif(4M-7>-:?o*£$Kfl^-f.&#>\ ^ftfcLTJJr 

i im ?A-^jre# 6ffitJ¥£££^fc$^t•&&H-e 
^>^^li\ A^-^O. 1 — 1 0, SfiL<(40. 2 

xmmimftLxzfett.Zitz, zttfxzz. mum 

2 8 0*Ctc:fc(t-I.WF 6 (To r r • s e 

c ) t 1 1 O CM^flSMi cOHfM* 

B&fiSWLTv>&<7)fc:*tl.-C. 0. 0 4J;OL/jN$^tK 

mwiyt-fttzziztefc-rhtf. ±sn,tzs.d 

iz. 1 1M ?;WTJ&«Sft£§liI££j£ft$1*6*:*'>fc: 
»4. ^.x-^fcO. 0 1-1 0. #£L<(40. 04 

tzviz&&zK&mmniBmmf&*7jii-f77X'$> 



h. ;;tli. S i H« tWF 6 fc££S(C9O0 (9 
^tTV^. a*. 8£$8lfc<4, Hlgf^x^SK-Srfco 

i o ox:mTTi4w$j#*f£fa$*x-$\ 2 o 0-3 o or 

£T(4WJgtcoj£l8ti£g<4. SScOJi#i:«^^AHwli 
*U 3 0 0*cmJbTi4aK^±#k*(3. fig 

->.x/\i&jg (7°a-tzXi$ t g.J:*)i> J $*tf&^) (4. Btfftf) 

a^A^Ji i o ox:vj.±.t,zm.fet&<Dtf£^zttfpi 

h. ttc. 09IJWF 6 tfXW?X—9 (Torr • 
sec) k 1 -fe;HM£ O^tf/k^-^fS^fflStt^W 
^Sr^Lfc^57T-ftS. «I<rT-l-fe/Ufc(4ift57«7) 

£(4-tfu-e&&#'\ 0. 5i0t^<=SrSi:, ^t-r 

-trX^fr^HT-WF 6 tfxeru^X — ?(4. 0. 0 1 
— 0. 6t. #£L<(40. 04—0. 5"C*>-&. CI?) 
MB^y^x^y|K7 6<oiS$i4. **>a*5*2*)i*ig 
tc:t>J:£#, WtlXl 0-2 0 0 Awmvh*). if^t 
< {42 0—1 5 0AM§tT3b&. 
[0027] mz. rt vis^-isByfyrxT-yffim 

j£lg8 4fci>VvC<4. #XJt. WF 6 /H 2 /dfA-U 
TiSX = 1 5 s c c m/1 8 0 0 s c c m/3 6 0 0s 
c cmtiO, Tu-i?Xj±lMl ■ 5Torr(998 
Pa). TCMr*&g<42 0 0 — 5 0 0*CT\ KftL< 
(42 5 0— 4 5 01C. rn-feXB§ST5»43 — 9 0^ 
X\ Jff£L<*41 0— 6 0®X'hh. Z<D&fCDWF s H 
X0>ftmtXfr'!r-S<?M£.£\B}mt &±*>£>0. 0 0 
1-0- 5Torr(66. 5Pa)t. #£L<(4 
0. 005 — 0. 2Torr (26. 6Pa)TJ>5. 

RJ&«iIwSSHl*l-CWF 6 <OsfE*£ffl5< LXBf8.-t2><7) 

K8 2C0JI$(4. Srtji^5\:2cOf*l^t4S* J , -K^ 

^^S/**»*fc«>t, 10~2 0 0A^. *f*L< 
(420—1 5 0Agg<7>^fi(::fS5rr6wa*«fc^ 4 

Tit. ^tcr>^m^^x^mm^a.mtimLx. r 
D-fexEE^t7*D-fe^.?aK^i*i, ^<kt,^-m*>— 
ttm&mzm-i.zWL'ztth. ziuzx*). sxas«o 

[0 0 28] ±?>7'X7'>mBf8.J:m8 0lZti 

WF 6 /Hj AY'J7^=90sccm/750s 
c c m/3 0 0 0 s c c mtfc *) , 7*o-tr^.JE^j{44 0 
Torr (5320Pa), To-fe^i&S&i 3 0 0 — 5 
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0 0X;T. L<«43 5 0— 450'CTt>&. ZZ 
tC. 20— 200Torr (2660 — 26600P 

J^^-h£?f&fctf>K3 0 0~5 0 0X;T\ ft£L< 
t43 5 0-~4 5 0*CfIg'C&&. WF 6 

<-T«.?t*btC0. 4Torr (53Pa)SSTA0, 

7J**4 OTo r riaT<0^flC«42. OTorr (266 
Pa) SST^^>. jgtoi. WF 6 /H 2 CO^'XittcBa 

sz®m?&±x-o. o *f4L.<teo. i~ 

0. 5TJ>£. 

[0 0 29] 4fc, za&9 y^f«ffiig8 0 
±* y^xfyiii«aig8 o Mfctt&fiKJSL— h $-± 

rn-b^aKS: 3 5 0'C*^4 0 0X:^T±#$ttv> 
j£$-£T. 5Kli2Jffi^±{f-2.^J:^. 02 (C) ^ 

m i o^-r J: ? 0 1 0(4*^8^ 

•r?STJ) 0.010(A) K^nf €£**ft<0^tc 
tW**. ilO ( B ) iz^-t&ftWcojf&com'&lz 

1 3jumiaT»«a>ffl*-MC&^T'&^;t. 

[00 30] *3t. &S£l 00At3 00A!:t:^ 

xf$,m Ltzmn? yyxTymm&m^smmx'wm 
Lx&wmi*zm%.Lfzbz*>. mkcocvDrnx'tm 
Lfzm-^ui. mwmzitmmwi ooaa^3ooa 

tiffin** Tit* LT l vfc. ZtHzMLX. #16 

Tit4>a>&fiffi£#^T^*£fcA<¥ijBJL*:. .I*)B^ 
«tfT£ttffikS!)56L*:<DT\ *<0MM6*fcovvciH 
1 l^#BaLTl»BJ-ri». 01 ll^y/XfVK^ 
taffi^aStSffttS-^-t^7 7T'J)&. 0*, aJi^5ft 
tfOCVDft (7"O-b^.jag^4 0 0 , C) iZ&hfyf* 
y-ymi^L. b{±rn-fexffiJg2 8 0X;<7)^BB*& 
CiS^^xxyKSr^t. c<47*o-fe^.iajS[3 8 0 



3fc<DC V D^T«$ ili^M a t Jt^T& 2 ~4 fg?^ 
£ffi<i£W-r £*U4, aWttfttfcJ: ■> 

Jgj£$ b . c *>»ft?tf>* # $ 
J: 9 i2~4fg/h$^*:#>fc #&bjj 
^KiOJ&filcSfifcJBIb. cT't. iOI^iaST'f 

S)a-c^$^is<5t-«iagos i 4 fc*>t 

:t£t>ft.*. -t LT. gfilc. *7xv\3iai;:;fc^TtkSfc 

SiKo^TlftBJtt*. 01 2ti^xyN«®£7)FjaS (ft 
Scfi) ro 7 r -f yx-bz. zzTiiwm 

(fyf-xrym) J:HT«:Wn, TiNE T 
iffiL Si0 2 &#JII^j£$;ft.T^-S>'7X;N£ffl<,vc 

fflt*e)FaUKIil X 1 Fatms/c cT'fcO. ft* 
<^CVD&fcJ:*WBt4 1 <OFi&&Ji3x 1 0"atms 
Ac^t, #56BJ|<7)Wffit*CO F <0&«fcft*<B& 1 / 3 
gjKKWS&JSilTfcO . ZtllzX 9*W<U T14£W* 

[0031 ] ±ffiSOt«Ttt» 37C#*i: LT*3S§fc ^ 
7XJ:fflOt* ! , ifltfU-T, vv-7>-(Si 2 H 
6 ) . isfrvV-svy (SiH, C 1 2 ) „ 

(B 2 H 6 ) . *^7^ (PH 3 ) Zilh 

K»fl)cXiS8 o j: o t . yy^yfsm^amz 
3 yi/xxvM®BSxmay±^ yffitj&£ 

^C-Cti^W^y^xyJK^^XStcS i H 4 im^ 

Ktf. ztiizK£xy°7X-?zmmLx . a^u«x« 
LCDii, #?x&imizi>mmx'£2><oi±iomx'$> 

[00321 

[^£7)^] &L±mwLtz± o iz. *mxr>? y?x 
Tym<7)&$.xmizj:tnf. ^xo^zwxtzwmm^ 

mmm2izffi&&.Bju z ±titt^ mfctfAmzxmbfy 
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3 >>mtm®*m&£ftt:itT&t!m#cn>$kmiz 
m^M4 iz®&muz±tM, m)<vm7t#x®te 

l &iiX<r>'£&tf-<vL\,ztch X o IzfflWT&Zb dzX *) . 
[HBcoflML&KH] 

[H3]«!ffl!B«rtfct»tt6^5>'(SiH4 ) <0#E 

[06 ] (Torr sec)tl 

[07 ] WF 6 WUX—f (Torr • sec) fcl 



[09] WF 6 1j2,<nn*y*—9 (Torr • sec) 

fcryyx-bz. 

[010] *^Hfl^t^*^ffiCJ: 9«rta*#tfc* 

[01 1] ?>-^*^>«ffiiaffl^^&#tt£^-$- 

[012 3 V^$kW<r>FmS. (JSifcft) ro7r>f;u 

[013] atMr—ShUM F #^LT<^ 
^Sr*-rffffi0T-S>S. 

[014] ^y^x^yizX^mnb^^m^tsm 
2 

20 mmm&a. 

2 2 »>UI338 

2 4 'VyF* 

6 0 am^vr 

7 0 Jl7t;^efc*&XS 

7 2 f> /^fV^Mlg 
7 4 ^t-v-'lS 

7 6 tifflf^yxr-ym 

7 8 y>-nfyis 

8 0 i.9>y^ c r>^mmjM 

8 2 ^-y^-^a ^^X^IB 

8 4 M--y ^/<-^ 3 y/^fv«il 



[03] 



[04] 
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[H5] 



85! 




(D) 



'4 /4 74 7* 74 > Tsi /4 74 



T5 




72 ™l £2±»>*Jtr>i 



•T rp re Wthmiv «T» 

74 A ,4 " 13 ^ 74 ' 4 



[06] 



CH7] 




2 3 4 

WF B (TofT • sec) — 
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[H14] 




(A) 



(C) 



(D) 



<=3 



(F) 



(72)56Bg# ^ ft 

Jit£fB«IXfft££TI3#6-5i- TBSJSc 

(72)3&BJi# fliLZ 

JKJS«R§KiWR3LTB3#6-9 TBSft 

(72)»^B« feM Uf- 

3K««RiKjWfaLTB3#6^ TBS& 



K^«i5^K#^iTS3S6^ TBSSC 
5S-fe > ^ -JK£x ? h o y flsMrttrt 

F?— 4K030 M03 AA04 AA06 AA07 AA08 
Mil M17 BA20 CA04 CA12 
FA10 JA05 JA09 JA10 
4M104 BB14 BB18 BB30 DD45 FF16 
FF22 

5F033 HH18 HH19 HH33 JJ18 JJ19 
JJ33 MM01 MM12 MM13 NN06 
NN07 PP04 PP06 PP33 
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